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Abstract

Background  Alpha-fetoprotein (AFP), lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3), des-y-
carboxy prothrombin (DCP), and Golgi protein-73 (GP73)
have been used or proposed as tumor markers for hepato-
cellular carcinoma (HCC).

Methods They were measured in 96 patients undergoing
hepatectomy for HCC to investigate their treatment response
and association with variables linked with tumor invasive-
ness and/or prognosis. Values at 1 month post-surgery in the
77 patients without recurrence within 6 postoperative
months were adopted as those after surgery.
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Results  GP73 levels did not change after hepatectomy, but
levels of other markers decreased and areas under receiver
operating characteristic curves (95% CI) were: 0.64
(0.56-0.72), 0.63 (0.55-0.71), 0.79 (0.73-0.86), and 0.63
(0.55-0.71) for AFP, AFP-L3, DCP, and combination of AFP
and AFP-L3, respectively. Cutoff points giving specificities
of 96.1% (sensitivities at these points) were: 124 ng/mL
(28.1%), 10% (21.9%), and 60 mAU/mL (52.1%), for AFP,
AFP-L3, and DCP, respectively. The combination of AFP and
AFP-L3 provided a sensitivity of 26.0% at a specificity of
96.1%. The increased DCP value was, or tended to be, asso-
ciated with a larger tumor, vascular invasion, intrahepatic
metastases, and a lower grade of tumor cell differentiation.
Although similar associations were found between AFP and
vascular invasion as well as a lower grade of tumor cell dif-
ferentiation, no such relationship was found with AFP-L3.

Conclusions DCP is a more effective tumor marker than
AFP and AFP-L3. AFP-L3 showed comparable accuracy to
AFP but no benefit was found in their combination. GP73
did not play a significant role in this context. Indices of
tumor invasiveness were most closely associated with DCP.
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Abbreviations
AFP Alpha-fetoprotein

AFP-L3 Lens culinaris agglutinin-reactive fraction
of AFP

AUROC Areas under ROC curve

CI Confidence interval

DCP Des-y-carboxy prothrombin

GP73 Golgi protein-73

HCC Hepatocellular carcinoma

ROC curve Receiver operating characteristic curve
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of death from cancer worldwide and its incidence has been
increasing in countries where the incidence of HCV
infection is increasing [1]. Serum alpha-fetoprotein (AFP)
has been used as a de facto standard biological tumor
marker of HCC since the 1970s. However, AFP can be
elevated in patients with chronic hepatitis and/or cirrhosis
in the absence of HCC, leading to an unreliable role of AFP
in surveillance [2].

To date, several other tumor markers have been inves-
tigated as complements for AFP. Plasma des-y-carboxy
prothrombin (DCP), also known as protein induced by
vitamin K deficiency or antagonist-II (PIVKA-II), was first
reported in 1984 [3]; and it has been widely used for two
decades in Japan, especially since 1997 when DCP could
be measured with a tenfold higher sensitivity [4]. The lens
culinaris agglutinin-reactive fraction of alpha-fetoprotein
(AFP-L3) has also been proposed as a marker for HCC, and
has been commonly used in Japan since the 1990s. AFP-L.3
is a fucosylated variant of AFP and the percentage of
AFP-L3 over total AFP levels is used as an index of HCC
[5]. AFP-L3 is reportedly more specific to HCC than AFP,
representing its malignant potential [6]. In the meantime,

Golgi protein-73 (GP73) has recently been shown to have a
superior diagnostic ability to AFP [7, 8].

In addition to their use as diagnostic tools for surveil-
lance, biological tumor markers play several important
roles in the following aspects: monitoring treatment
response, as indices of specific clinicopathological vari-
ables that provide prognostic information, and detecting
disease relapse after curative treatment [9]. However, these
aspects have never before been investigated in a compre-
hensive manner.

In the present study, we investigated the roles of AFP,
DCP, AFP-L3, and GP73 as HCC tumor markers, paying
particular attention to these unaddressed issues in patients
with HCC undergoing liver resection.

Materials and methods
Patients

Between June 2007 and August 2008, 116 consecutive
patients who were scheduled to undergo liver resection for
suspected HCC were enrolled and followed prospectively
at the Hepato-Biliary-Pancreatic Surgery Division of
Tokyo University Hospital, Tokyo, Japan (Fig. 1). The

Fig. 1 Schematic flowchart
of enrolled patients.
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study protocol was approved by the institutional ethics
board and written informed consent was obtained from
each subject before treatment. Preoperative diagnosis of
HCC was made by using abdominal ultrasonography and
dynamic computed tomography (CT) scanning. Other
imaging modalities were added if necessary. The indication
of liver resection was determined according to previously
described criteria [10].

Curative resection was defined as the removal of all
recognizable tumors with a clear margin. HCC diagnosis
was finally confirmed by pathological examination of the
resected specimens in all cases.

From these 116 patients, 96 were finally included.
Twenty patients were excluded for the following reasons:
three by the presence of extrahepatic metastases found
intraoperatively, two due to non-curative liver resection,
eight in whom pathological examination revealed non-HCC
tumors (intrahepatic cholangiocarcinoma in five, inflam-
matory pseudotumors in two, focal nodular hyperplasia in
one), three due to the incomplete pathological examination
as a result of total necrosis of the tumor, and four by the
prescription of warfarin, a DCP-inducing agent (Fig. 1).
Patients’ background characteristics and tumor character-
istics are presented in Tables 1 and 2, respectively.

Follow-up after hepatectomy

Monthly follow-up was conducted by assessment of tumor
markers (AFP, DCP, and AFP-L3) and ultrasound.
Dynamic CT scan was conducted at 3 and 6 months post-
surgery. We defined recurrence as the appearance of new
lesions with radiological features typical of HCC, as con-
firmed by at least two imaging methods [11].

Tumor marker measurement

Blood samples for tumor markers were taken both 7 days
prior to and 1 month after liver resection. Serum AFP
levels were measured by an immunometric assay (ST AIA-
PACK AFP, Tosoh, Tokyo, Japan). Serum AFP-L3 levels
were measured by lectin-affinity electrophoresis coupled
with antibody-affinity blotting (LBA AFP-L3, Wako Pure
Chemical Industries, Osaka, Japan), and were expressed by
the ratio of AFP-L3 to total AFP (%) [5, 12]. AFP-L3
levels were not detected when AFP concentrations were
<10 ng/mL, thus AFP-L3 values were defined as 0% in
this range [13]. Plasma DCP levels were measured by the
two-step enzyme immunoassay (Picolumi PIVKA-II, Eizai,
Tokyo, Japan) [4]. Serum GP73 autoantigen and GP73
autoantibody levels were measured by prototype enzyme-
linked immunosorbent assays (Quanta Lite™ GP73 Anti-
gen ELISA and Quanta Lite™ GP73 Antibody ELISA,
INOVA Diagnostics Inc., San Diego, USA). Assay results

@ Springer

Table 1 Patient background characteristics (N = 96)

Variables N

Age (years)” 67.0 (21.0-84.0)

Gender

Male 80 (83.3%)

Female 16 (16.7%)
Hepatitis B virus infection”

No 70 (72.9%)

Yes 26 (27.1%)
Hepatitis C virus infection®

No 50 (52.1%)

Yes 46 (47.9%)
Indocyanine green retention rate at 15 min (ICG R15)°

<10% 36 (37.5%)

10-19% 46 (47.9%)

20-29% 9 (9.4%)

30-39% 5 (52%)
Child-Turcotte—Pugh grade®

A 80 (83.3%)

B 16 (16.7%)
Background liver status®

Normal liver 5 (5.2%)

Chronic hepatitis 57 (59.4%)

Cirrhosis 34 (35.4%)

24 patients were negative for both hepatitis B and C virus infection
* Expressed as median with range
" No patients were positive for both hepatitis B and C virus infection
¢ No patient was ICG R15 >40%

9 No patient was Child—Turcotte—Pugh grade C

¢ Pathological findings assessed in the resected specimen

were assessed spectrophotometrically and expressed as
optical densities (OD).

Relationship between tumor markers

In the measurement of multiple tumor markers, marker
values should ideally be independent to each other. With
this in mind, we assessed the relationship between each
tumor marker before liver resection.

Ability of tumor markers to assess therapeutic response

The marker values of 96 patients before liver resection
were defined as those with HCC. Of these, 77 patients
remained free of recurrence 6 months after liver resection.
Marker values of these 77 patients 1 month post-surgery
were defined as values at complete tumor remission. To
assess the ability of tumor markers to reflect the therapeutic
response after curative resection, we constructed receiver
operating characteristic (ROC) curves, and calculated the
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Table 2 Characteristics of tumor-related variables and correlations with tumor marker values (N = 96)

Variables N (%) AFP (ng/mL)*

AFP-L3 (%)

DCP (mAU/mL)*

Tumor size (mm)

<20 33 (34.4) 5.0 (3.0-32.0)
20-50 39 (40.6) 7.0 (4.0-384.0)
=50 24 (25.0) 17.5 (5.3-811.3)

rs = 0.25, P < 0.05

Tumor number

1 64 (66.7) 7.5 (4.0-142.8)
2 23 (24.0) 10.0 (4.0-126.0)
>3 9 (9.3) 37.0 (3.0-1998.0)

P =10.88
Capsular formation
No 7 (7.3)
Yes 89 (92.7)

11.0 (4.0-53.0)
8.0 (4.0-152.0)
P =10.85
Capsular infiltration”

No 21 (23.6) 6.0 (3.0-114.0)
Yes 68 (76.4) 9.5 (4.0-357.3)
P =0.26
Vascular invasion
No 58 (60.4) 6.0 (3.0-53.5)
Yes 38 (39.6) 17.5 (5.0-795.8)
P <0.05

Intrahepatic metastases

No 84 (87.5) 7.5 (4.0-119.5)
Yes 12 (12.5) 78.5 (4.0-687.0)
P =0.38
Tumor differentiation
Well 11 (11.5) 4.0 (2.0-14.0)
Moderate 70 (72.9) 7.0 (4.0-143.5)
Poor 15 (15.6) 34.0 (7.0-1072.0)

P =0.10

0.0 (0.0-1.0) 20.0 (16.0-29.0)
0.0 (0.0-9.4) 74.0 (22.0-203.0)
0.5 (0.0-14.0) 924.0 (220.5-10286.0)

r¢ = 0.14, P = 0.17

rs = 0.66, P < 0.0001

0.0 (0.0-2.3) 70.0 (19.0-414.8)
0.3 (0.0-9.4) 36.0 (23.0-288.0)
0.5 (0.0-7.5) 164.0 (17.0-459.0)
P =076 P =093

0.0 (0.0-0.5) 22.0 (11.0-288.0)
0.0 (0.0-6.8) 69.0 (20.5-384.0)
P =062 P=0.19

0.0 (0.0-2.3) 27.0 (17.5-173.5)
0.0 (0.0-10.0) 80.0 (21.5-414.8)
P =070 P=0.14

0.0 (0.0-3.5) 31.5 (18.5-224.3)
0.5 (0.0-10.4) 132.5 (27.3-789.8)
P =023 P <0.05

0.0 (0.0-6.1) 45.5 (20.0-200.5)
0.3 (0.0-3.2) 377.0 (58.3-12143.0)
P =09 P =006

0.0 (0.0-0.5) 22.0 (16.0-108.0)
0.0 (0.0-5.3) 67.5 (19.8-312.0)
0.5 (0.0-21.8) 173.0 (32.0-9888.0)
P=0.10 P <0.05

AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, DCP des-y-carboxy prothrombin

* Median with inter-quartile range

® We assessed 89 patients with tumor capsular formation

areas under ROC curves (AUROCs). The sensitivity/
specificity at several cutoff points which were conven-
tionally used and of specific interest in the present study
were also calculated.

AFP-L3 is always measured simultaneously with AFP
and its significance depends on that of AFP [6]. Similarly,
AFP-L3 is thought to play a role in patients with interme-
diately elevated AFP values, because of its high specificity
[6, 14]. With this in mind, the significance of the AFP-L3
measurement in addition to AFP was investigated through
the ROC curve constructed by combining the two assays. In
the combination assays, three different cutoff ranges
were set as follows: in the low (AFP value <20 ng/mL)

and the high (AFP value >400 ng/mL) cutoff ranges, cut-
off points were varied according to AFP values; whereas
in the intermediate cutoff range (20 ng/mL < AFP
value < 400 ng/mL), cutoff points were varied according to
AFP-L3 values where AFP values <20 ng/mL were always
classified into marker negative while AFP values >400 ng/mL
were classified into marker positive. For example, when the
AFP-L3 value of 15% was adopted as the cutoff value in the
intermediate cutoff range, a patient with AFP of 800 ng/mL
was classified as marker positive even when the AFP-L3
value was 5%. Here, the transition point of AFP at
400 ng/mL was adopted according to the EASL 2000
criteria [15].
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Association of tumor marker values
with clinicopathological variables representative
of tumor invasiveness and prognosis

We assessed the association of respective marker values with
clinicopathological variables that have been reported as being
representative of tumor invasiveness and/or poor prognosis.
Variables were assessed pathologically on the resected spec-
imens (Table 2). Vascular invasion was defined as the pres-
ence of portal vein invasion, venous invasion, or biliary
invasion. Multiple primary tumor nodules and intrahepatic
metastases were differentiated by using the guidelines pro-
posed by the Liver Cancer Study Group of Japan [16].

Alteration of marker positive/negative status through
hepatectomy and postoperative marker positive status
as an early indicator of tumor recurrence

We examined the alteration in the marker positive/negative
status through treatment in a patient-by-patient manner. Then,
we assessed the association between marker positive/negative
status and tumor recurrence during the early postoperative
phase, recurrence within 6 months of liver resection.

Statistical analysis

Marker values were expressed as medians with inter-quartile
ranges. Correlations between marker values were analyzed by
Spearman’s rank correlation (rs). AUROC:S for markers were
compared by Wilcoxon’s rank sum test [17]. Associations
between marker values and clinicopathological variables were
analyzed by Wilcoxon’s rank sum test or by the Kruskal-
Wallis test, as appropriate. P values <0.05 were accepted as
statistically ~significant. All statistical analyses were
performed using the GraphPad Prism® computer software,
version 5 (GraphPad Software Inc., San Diego, CA, USA).

Results

Relationship between tumor markers

The values of AFP and AFP-L.3 showed a close association
(rs = 0.83), and those of GP73 autoantigen and GP73

autoantibody were moderately related (rg = 0.48). No
significant correlation was found in any of the other com-
binations of tumor marker values (Table 3).

Ability of tumor markers to assess therapeutic response

Tumor marker values of 96 patients before liver resection
and those of 77 patients 1 month post-surgery in whom no
recurrence was detected until 6 months post-surgery are
depicted in Fig. 2.

Since GP73 did not appear to be a tumor marker rep-
resenting tumor status, the following analyses exclude
GP73 autoantigen and GP73 autoantibody results. The
overall abilities of these tumor markers and the combina-
tion of AFP and AFP-L3 to reflect the therapeutic response
after curative resection are depicted in Fig. 3.

Sensitivity/specificity at various cutoff points for these
tumor markers is demonstrated in Table 4. The sensitivity
of DCP was higher than those of other markers at a spec-
ificity of 96.1%, while sensitivities of other markers were
of a similar extent. At a specificity of 97.4%, sensitivities
of AFP-L3 and the combination of AFP and AFP-L3 were
16.7 and 26.0%, respectively (P = 0.12).

Association of tumor marker values
with clinicopathological variables representative
of tumor invasiveness and prognosis

Correlations between AFP, AFP-L3, and DCP values and
clinicopathological variables are shown in Table 2.
Increased DCP value was associated with the indices rep-
resenting tumor growth and invasiveness such as tumor
size, presence of vascular invasion, and lower grade of
tumor cell differentiation. Although similar, albeit moder-
ate, tendency was observed in the relationship between
AFP value and these variables, no apparent association was
found between AFP-L3 value and these indices.

Alteration of marker positive/negative status through
hepatectomy and postoperative marker positive status
as an early indicator of tumor recurrence

In this analysis, the cutoff points for various marker values
were set at those which gave the equivalent specificities

Table 3 Correlation (rs) between the levels of respective tumor marker values in 96 patients with HCC before liver resection

AFP (ng/mL) AFP-L3 (%) DCP (mAU/mL) GP73 autoantigen (OD) GP73 autoantibody (OD)
AFP (ng/mL) - 0.83 0.14 0.07 0.05
AFP-L3 (%) - - 0.11 0.05 0.04
DCP (mAU/mL) - - - —0.18 —0.17
GP73 autoantigen (OD) - - - - 0.48

AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, DCP des-y-carboxy prothrombin, GP73 Golgi protein-73
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Fig. 2 Tumor marker values before hepatectomy (N = 96) and
1 month after hepatectomy (N = 77). Values after hepatectomy
exclude the 19 patients whose tumor recurred within six postoperative
months. a AFP, b AFP-L3, ¢ DCP, d GP73 autoantigen, e GP73
autoantibody. Marker distributions are expressed by scatter dot plots
and box and whiskers. Top and bottom of boxes are first and third
quartiles, respectively. Length of box represents inter-quartile range

taking into account conventionally used values [18]. They
were 200 ng/mL for AFP, 10% for AFP-L3, and 60 mAU/
mL for DCP (Table 4). Specificities at these points were
97.4% for AFP, 96.1% for AFP-L3, 96.1% for DCP, and
96.1% for the combination of AFP and AFP-L3. Analysis
was conducted in patients with positive preoperative mar-
ker status. The rates of patients who still had marker
positive status 1 month post-surgery were as follows: 6/21
(28.6%) for AFP, 6/21 (28.6%) for AFP-L3, 4/50 (8.0%)
for DCP, and 8/25 (32.0%) for the combination of AFP and
AFP-L3. In these patients, imaging-proven recurrences
within six postoperative months were detected with the

b P < 0.001
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within which 50% values were located. Line through middle of each
box represents median. Error bars show minimum and maximum
values (range). Figures above box and whiskers represent medians
(inter-quartile ranges). Dashed lines represent cutoff values most
frequently used in clinical settings and as follows: AFP, 20 ng/mL;
AFP-L3, 10%; DCP, 40 mAU/mL

following incidences: 4/6 (66.7%), 4/6 (66.7%), 2/4
(50.0%), and 5/8 (62.5%) for AFP, AFP-L3, DCP, and the
combination of AFP and AFP-L3, respectively. Whereas,
recurrence rates within six postoperative months for those
patients whose preoperative positive marker status turned
negative 1 month post-surgery were as follows: 4/15
(26.7%), 2/15 (13.3%), 11/46 (23.9%), and 3/17 (17.7%)
for AFP, AFP-L3, DCP, and the combination of AFP and
AFP-L3, respectively. Therefore, the risk of developing
early postoperative recurrence in patients whose marker
status remained positive 1 month post-surgery was higher
than in patients whose marker values changed to negative
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Fig. 3 Receiver operating a
characteristic (ROC) curves
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corresponding area under ROCs
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status. This was expressed as the risk ratio (95% CI) in
Table 5: 2.5 (0.9-6.9), 5.0 (1.2-20.5), 2.1 (0.4-25.3), 3.5
(1.1-11.3) for AFP, AFP-L3, DCP, and the combination of
AFP and AFP-L3, respectively.

Discussion

AFP, AFP-L3, and DCP have been widely used in Japan for
screening and monitoring treatment response and/or relapse

@ Springer
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[19, 20]. Ideally, levels of tumor markers should fall to
within a normal range after effective treatment and rise
before the tumor relapse is detected by imaging studies. This
aspect is especially important in the case of transcatheter
arterial embolization and chemotherapy, because radiolog-
ical findings do not necessarily reflect the degree of bio-
logical remission achieved by necrosis or fibrosis [21].
HCC biomarkers have also been reported to substitute as
markers of specific clinicopathological variables repre-
senting the malignant potential of the tumor. In cases of
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Table 4 Sensitivity/specificity at various cutoff points for tumor markers

AFP (ng/mL) 15 20 124* 200
Sensitivity (%) 39.6 39.0 28.1 21.9
Specificity (%) 83.1 87.0 96.1 97.4

AFP-L3 (%) 5 10* 158 20
Sensitivity (%) 24.0 21.9 16.7 14.6
Specificity (%) 92.2 96.1 97.4 97.4

DCP (mAU/mL) 20 30 40 60*
Sensitivity (%) 77.1 594 55.2 52.1
Specificity (%) 58.4 80.5 90.9 96.1

Combination of AFP (ng/mL) 20 bt 0§ .

and AFP-L3 (%) 0* (AFP) 10”* (AFP-L3) 15”° (AFP-L3) 400° (AFP)
Sensitivity (%) 39.6 26.0 26.0 17.7
Specificity (%) 87 96.1 97.4 98.7

Combination of AFP (ng/mL) or 20 (AFP) or 20 (AFP) or 400 (AFP) or 400 (AFP) or

DCP (mAU/mL) 40 (DCP) 60 (DCP) 40 (DCP) 60 (DCP)
Sensitivity (%) 68.8 67.7 59.4 57.3
Specificity (%) 79.2 83.1 89.6 94.8

AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, DCP des-y-carboxy prothrombin, CI confidence interval

4 AFP values of 20 or 400 ng/mL was adopted as cutoff value irrespective of AFP-L3 value

° Patients with AFP value <20 ng/mL classified as marker negative; AFP value >400 ng/mL as marker positive. For patients with
20 ng/mL < AFP < 400 ng/mL, AFP-L3 values of 10 or 15% adopted as cutoff value

¥ Comparisons of sensitivities: AFP versus AFP-L3, P = 0.33 (95% CI —0.06 to 0.18); AFP versus DCP, P < 0.001 (95% CI —0.37 to —0.11);
AFP versus combination of AFP and AFP-L3, P = 0.73 (95% CI —0.10 to 0.14); AFP-L3 versus DCP, P < 0.001 (95% CI —0.43 to —0.17);
AFP-L3 versus combination of AFP and AFP-L3, P = 0.51 (95% CI —0.16 to 0.07)

8 AFP-L3 versus combination of AFP and AFP-L3, P = 0.12 (95% CI —0.20 to 0.02)

non-surgical therapy, markers could therefore provide
prognostic data when pathological information are unob-
tainable; and in cases of liver resection and transplantation,
they may do so prior to the treatment [22]. In the present
investigation, we evaluated these aspects of AFP, AFP-L3,
and DCP as well as GP73.

GP73 antigen expression is barely detectable in normal
subjects, but is strongly upregulated in the hepatocytes of
patients with acute hepatitis, cirrhosis, and during the
progression of chronic liver disease. GP73 was also a
promising serum marker for HCC in preliminary studies
[7, 8]. In the present study, however, neither GP73 auto-
antibody nor GP73 autoantigen levels appear to reflect the
tumor status (Fig. 2). Other studies also reported the
insufficiency of serum GP73 as an HCC-specific marker,
although they confirmed that it may be a marker for chronic
liver diseases or hepatitis C virus-related HCC [23, 24]. It
should be noted that GP73 was increased in patients with
liver disease, in particular, with the advancement of

disease; HCC usually develops in the later stages of hep-
atitis C virus infection; and all previous studies suggesting
the significance of GP73 as an HCC tumor marker were
cross-sectional. Hence, it is more appropriate to consider
that high levels of GP73 in patients with HCC reflect the
fact that HCC develops at the advanced stage of chronic
liver diseases.

To date, several studies have assessed the diagnostic
accuracies of AFP-L3 and/or DCP in comparison with that
of AFP through ROC curves. Two studies examined the
significance of AFP-L3 and two of them reported that it
was comparable to that of AFP [25, 26]. Five studies
evaluated DCP [27-31], and four of these reported the
superiority of DCP over AFP [27, 28, 30, 31]. Two studies
examined the accuracies of AFP-L3 and DCP simulta-
neously in comparison with AFP [14, 32]. The former
appeared to rank diagnostic accuracies in the decreasing
order of DCP, AFP, and AFP-L3 [14], although no statis-
tical comparison was done. The latter reported that AFP,

@ Springer



1280

J Gastroenterol (2010) 45:1272-1282

Table 5 Alteration of marker positive/negative status through hepatectomy and association with early phase of recurrence

Pre-hepatectomy Post-hepatectomy

Marker status No. patients Marker

(rate) status

No. patients
(rate)

No. patients with tumor
recurrence <6 months

Risk ratio
(95% CI)

Cutoff values set at 200 ng/mL

AFP (-) 75196 (78.1%) AFP (—)
AFP (+)
AFP (+) 21/96 (21.9%) AFP (—)
AFP (+)
Cutoff values set at 10%
AFP-L3 (—) 75/96 (78.1%) AFP-L3 (—)
AFP-L3 (+)
AFP-L3 (+) 21/96 (21.9%) AFP-L3 (—)
AFP-L3 (+)
Cutoff values set at 60 mAU/mL
DCP (-) 46/96 (47.9%) DCP (-)
DCP (+)
DCP (+) 50/96 (52.1%) DCP (-)
DCP (+)

Cutoff values set accordingly®
71/96 (74.0%) Combination (—)

Combination (+)

Combination (—)

Combination (+) 25/96 (26.0%) Combination (—)

Combination (+)

75175 (100%)
0/75 (0.0%)
15/21 (71.4%)
6/21 (28.6%)

74/75 (98.7%)
1/75 (1.3%)

15/21 (71.4%)
6/21 (28.6%)

44/46 (95.7%)
2/46 (4.3%)
46/50 (92.0%)
4/50 (8.0%)

70/71 (98.6%)
1/71 (1.4%)

17/25 (68.0%)
8/25 (32.0%)

11/75 (14.7%)
0/0 (0.0%)
4/15 (26.7%)
416 (66.7%)

13/74 (17.6%)
0/1 (0.0%)
2/15 (13.3%)
416 (66.7%)

5/44 (11.4%)
1/2 (50.0%)
11/46 (23.9%)
2/4 (50.0%)

11/70 (15.7%)
0/1 (0.0%)
3/17 (17.7%)
5/8 (62.5%)

2.50 (0.91-6.88)

5.00 (1.22-20.46)

2.09 (0.40-25.32)

3.54 (1.11-11.29)

AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, DCP des-y-carboxy prothrombin, CI confidence interval

? Patients with AFP value <20 ng/mL classified as marker negative; AFP value >400 ng/mL as marker positive. For patients with
20 ng/mL < AFP < 400 ng/mL, AFP-L3 values of 10% were adopted as cutoff value

which showed similar accuracy to DCP, was superior to
AFP-L3 [32].

The present analyses revealed that DCP was superior to
AFP while AFP-L3 was comparable to AFP (Fig. 3;
Table 4). This finding agrees with the general conclusion
from previous studies. We must bear in mind, however,
that although AFP is inferior to DCP as a single tumor
marker, they are independent markers and thus thought to
be complementary to each other (Table 3). Furthermore,
we sought the utility of additional measurements of
AFP-L3 given known AFP values based on the consider-
ations described earlier. It is of interest that the diagnostic
accuracy of the combination of AFP with AFP-L3 was
equivalent to AFP alone but superior to AFP-L3 alone
(Fig. 3; Table 4). These results argue that the additional
measurement of AFP-L3 to AFP is not mandatory, and that
to the contrary, AFP-L3 data should always be interpreted
in reference to AFP.

A high specificity has been reported as a feature of AFP-L3
[6]. The apparent discrepancy of the present results from
reported characteristics can not be explained straightfor-
wardly. One possible explanation may be related to the
limitation of this study, that is, the present cohort comprised

@ Springer

those undergoing hepatectomy. The majority of patients had
one or two HCC nodules and the tumor diameter was rela-
tively larger than that of the non-surgical cohort. The sig-
nificance of AFP-L3 may be more marked in patients with
multiple and/or small HCC nodules. Recently, a newly
developed micro-total analysis system (u-TAS) was reported
not only to have higher analytical sensitivity than current
methods in the determination of AFP-L3 but also to have the
ability to measure AFP-L3 at a lower total AFP concentration
[33]. Further studies by use of the u-TAS system are expected
to answer the question unaddressed in the present study.
Although the association of tumor markers with clini-
copathological variables has been evaluated in many
studies, the majority of these works only assessed associ-
ations with variables of interest and/or exclusively for AFP,
AFP-L3, or DCP. Variables were also usually assessed by
radiological findings or in specimens obtained by biopsy.
In the present study, we investigated these associations in a
comprehensive manner using pathological findings of
resected specimens (Table 2). An elevated DCP value was
broadly associated with variables representing tumor
invasiveness and/or poor prognosis (Table 2). A similar,
moderate association was confirmed for AFP but not
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AFP-L3, although a similar trend was observed. This
agrees in part with previous studies, which showed that
respective tumor markers stood for specific pathological
indices, for example, AFP for poor degree of tumor cell
differentiation [34, 35], AFP-L3 for poor degree of tumor
cell differentiation and presence of vascular invasion
[36-38], and DCP for the presence of vascular invasion
and/or intrahepatic metastasis [34, 39, 40].

One of the unique features of the present study is that we
were able to follow the alterations in tumor marker values
before and after the hepatectomy in a patient-by-patient
manner. At cutoff points giving fairly high specificities
(96.1-97.4%), almost all patients who had been negative
for respective tumor markers before the hepatectomy also
remained marker negative after the operation. By contrast,
a considerable proportion of patients who had been marker
positive did not attain marker negative status even after the
curative liver resection (Table 5). Later follow-up revealed
that this had been the unidentified sign of recurrence. This
prediction ability appeared to be most prominent in
AFP-L3 compared with AFP or DCP. This observation is
in line with previous reports that suggested the significance
of AFP-L3 lies in the early recognition of HCC in the
follow-up of patients with cirrhosis [6].

In conclusion, DCP was shown to be a better tumor
marker than AFP and AFP-L3 in monitoring the treatment
response in patients with HCC, but AFP was a useful
complementary marker to DCP. The accuracy of AFP-L3
was comparable to that of AFP, but no benefit was found in
the additional measurement of AFP-L3 to AFP. Conversely,
AFP-L3 values should be interpreted in reference of those
of AFP. GP73 was not an HCC marker under the present
clinical conditions. Correlation of tumor marker values with
clinicopathological variables representing the malignant
potential of HCC and/or poor prognosis was strongest for
DCP, followed by AFP and AFP-L3 in this order. The
significance of the AFP-L3 measurement may lie in the
early recognition of tumor recurrence after treatment.
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